in the outer third of the vessel media, and it can occur primarily or secondarily [2, 3] . It results in separation of the layers of the coronary artery wall leading to intramural hematoma (IMH) within the false lumen, which compresses the true lumen and restricts coronary blood flow, leading to acute coronary syndrome (ACS) [3] .
Its first angiographic diagnosis was reported almost 50 years after the first description. Treatment with percutaneous coronary intervention (PCI) and surgical bypass were first reported in the mid-1980s [4] . Since this condition was first described by Pretty [5] in 1931, it has been reported as having a low angiographic incidence [6] , with greater prevalence in young females. SCAD is a rare cause of ACS and sudden cardiac death (SCD) [7] . Patients may present with diferentclinical scenarios ranging from angina pectoris to cardiogenic shock to SCD [8] . However, its etiology, pathogenesis and therapeutic strategies have not as yet been fully defined.
Materials and Methods
Between 2005 and 2015 we conducted 5634 coronary angiography and 2435 coronary angioplasty in our center. From this we identified and analized consecutive patients with confirmed SCAD, all of whom were seen at our hospital between 2005 and 2015 (n = 6). We collected data from electronic medical records. Spontaneous coronary artery dissection (SCAD) is defined as a non-traumatic and non-iatrogenic separation of the coronary artery walls, creating a false lumen [1] , and was also defined as a clinical ACS together with typical diagnostic features (intimal dissection and IMH) identified by angiography or with intravascular ultrasound (IVUS) imaging and complete absence of atherosclerosis. Intimal dissection was defined as the presence of a radiolucent plane, with or without contrast staining. IMH was identified by an abrupt vessel tapering in accordance with the recent proposed classification [9] . Patients with iatrogenic coronary artery dissection, atherosclerotic dissection or chest trauma were excluded. We identified 3 different types of SCAD.
(I) Type 1 (evident artery wall stain): This is the pathognomonic angiographic appearance of SCAD with contrast dye staining of the artery wall with multiple radiolucent lumens.
Introduction
Spontaneous coronary artery dissection (SCAD) is defined as a non-traumatic and non-iatrogenic separation of the coronary artery walls, creating a false lumen [1] . SCAD is characterized by the presence of hematoma or thrombus in the false lumen, usually
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Guadagnoli et al. Int J Clin Cardiol 2016, 3:070 missed or misdiagnosed. It commonly involves the mid to distal segments of coronary arteries, and can be so extensive that it reaches the distal tip. There is an appreciable (often subtle) abrupt change in artery caliber, with demarcation from normal diameter to diffuse narrowing. This diffuse (typically > 20 mm) and usually smooth narrowing can vary in severity from an inconspicuous mild stenosis to complete occlusion.
(III) Type 3 (mimic atherosclerosis): This appearance is the most challenging to differentiate from atherosclerosis and most likely to be misdiagnosed. Angiographic features that favor SCAD are: (I) lack of atherosclerotic changes in other coronary arteries, (II) long lesions (11-20 mm) , (III) hazy stenosis and (IV) linear stenosis. The angiographer needs to have a high index of suspicion for SCAD and employ intracoronary imaging for such cases.
Follow-up comprised scheduled (routine or otherwise) review with the primary cardiologist and telephone calls. Demographics, clinical presentation, coronary distribution, treatment modality, early and late events were determined via medical records, and follow-up from the patient's electronic medical history. Coronary distributions were also determined via angiographic review.
Definition of adverse events
Unstable angina (UA): Ischemic symptoms suggestive of an ACS and no elevation in troponin, with or without electrocardiogram changes indicative of ischemia.
Myocardial infarction (MI): Evidence of myocardial necrosis in a clinical setting consistent with myocardial ischemia. The clinical, electrocardiographic, and cardiac biomarker information was considered to determine whether or not a MI has occurred. Cardiovascular death (CVD): Includes death resulting from an acute myocardial infarction, sudden cardiac death, death due to heart failure and death due to other cardiovascular causes.
Non-cardiovascular death is defined as any death that is not thought to be due to a cardiovascular cause.
Sudden Cardiac Death (SCD): Refers to a death that occurs unexpectedly, not following an acute MI.
Target Vessel Revascularization (TVR): Target vessel revascularization is any repeat percutaneous intervention or surgical bypass of any segment of the target vessel.
Target Lesion Revascularization (TLR): Target lesion revascularization is any repeat percutaneous intervention of the target lesion (including 5 mm proximal and distal to the target lesion) or surgical bypass of the target vessel performed for restenosis or other complication involving the target lesion.
Target Vessel (TV): A target vessel is any native coronary vessel (e.g. left main coronary artery (LMCA), left anterior descending coronary artery (LAD), left circumflex coronary artery (LCX), or right coronary artery (RCA)). The target vessel includes the target lesion as well as segments of the vessel that are upstream and downstream to the target lesion, including side branches (native vessel).
Target Lesion (TL): A target lesion is any lesion treated or attempted to be treated during the procedure.
Results
The epidemiological characteristics of the series are shown in table 1, while the individual breakdown of clinical presentation and the subsequent course of the disease are shown in table 2.
Relevant baseline characteristics of our patients: average age of 41.6 years (the youngest 28 and the oldest 56). There were 5 women (83%) and a man. One of them was smokers at the admission, two had arterial hypertension and three had dyslipidemia. Nobody had diabetes. Average body mass index is 25.7 Kg/m 2 .
Clinical presentation: The majority (83%) appeared as STEMI (ST-segment elevation myocardial infarction) and one as NSTEMI (Non-ST-segment elevation myocardial infarction). One of Underlying etiologies: One woman was in the immediate postpartum period (30 days after delivery) and had presented preeclampsia during pregnancy. The man was a cocaine addict. Nobody had collagenopathies or intense previous physical stress. One patient had fibromuscular dysplasia (FMD).
Angiographic characteristics: The most affected artery was the left anterior descending artery, and the most frequent (66.5 %) type of dissection was type I.
Treatment: Three patients received only medical therapy, two received coronary angioplasty one with a drug-eluting stent and another with 92 mm of bare metal stents (BMS) (4 BMS 3.0 mm × 32 and 28 mm and 3.5 × 20 and 12 mm) and another CABG, as a result of multivessel disease (proximal left anterior descending coronary artery and left circumflex coronary artery and distal right coronary artery) and compromise of the left main coronary artery.
Clinical outcomes: The average follow-up is 3 years and all patients are alive. At the follow-up all patients had ETT 6 and 12 months after of the index events and only one has persistence of LVSF impaired measured byETT and gated-Single Photon Emission Computed Tomography (gated-SPECT). Three presented with atypical symptoms at the latest follow-up, one of whom had a new coronary angiography (CAG) performed a month later on suspicion of progression of dissection, but showed partial resolution without progression. No one had CD, SCD, UA, TVR, TLR or any kind of MI.
Discussion
SCAD is a rare entity, the overall incidence in coronary angiographies is around 0.2% [10] . It is difficult to ascertain the true prevalence as it is often under-diagnosed and has presentations varyingfrom mild chest pains to SCD. In patients presenting with ACS, SCAD is noted to occur in 3-4%, diagnosed with optical coherence tomography (OCT) [11] [12] [13] . Among stable patients presenting for routine CAG, SCAD was diagnosed in 0.3% [6] . Among women presenting with ACS, prevalence was reported to be higher (8.7%) among those < 50 years old [14] . In the subgroup of women presenting with ST elevation, prevalence of SCAD was even higher at 10.8% [14] .
There are two proposed mechanisms for the formation of IMH with SCAD. The first involves an intimal dissection resulting in blood from the endoluminal space entering the intimal space, creating a false lumen filled with blood. The second mechanism of IMH formation is thought to be due to rupture of the vasa vasorum, which are small arterioles within the walls of arteries supplying blood to the walls [15] . When such a rupture occurs, blood can pool within the intramural space, creating a false lumen filled with hematoma. Nonatherosclerotic coronary artery dissection is typically a culmination of disease pathways that predispose arterial beds to injury. These include FMD, multiple pregnancy, systemic inflammation (systemic lupus erythematosus, Crohn's disease, polyarteritisnodosa and sarcoidosis), connective tissue disorder (Marfan's syndrome, EhlerDanlos syndrome, and cystic medial necrosis), hormonal therapy, and coronary artery spasm [15] . SCAD has been observed in women who are peripartum or with multiple prior pregnancies, and thus a significant association with pregnancy has been postulated [16, 17] . In most cases, the insult occurred a few weeks after delivery, with an average time-delay of about 1 month [18, 19] . In addition, hormonal changes during pregnancy are thought to alter normal elastic fibres, impair collagen synthesis and mucopolysaccharide content, causing weakened media. Progesterone is thought to be the culprit hormone, and estrogen, on the other hand, creates a hypercoagulable state. The weakened artery walls at risk of dissection with a prothrombotic state increase the risk of false lumen creation and thrombosis. Eosinophilic infiltrates in arterial adventitia have also been observed in autopsies of peripartum women. It is believed that these eosinophilic granules cause breakdown of the medial-adventitial layer via lytic substances, predisposing the artery to dissection. However, it is unclear if the eosinophilic granules cause SCAD or are a result of SCAD. Interestingly, SCAD in pregnant women often occurs during late pregnancy or the post-partum period [16, 20, 21] . The hemodynamic changes during late pregnancy can also precipitate SCAD.
In patients with underlying predisposing arteriopathies, there can often be precipitating stressors such as intense exercise or emotional stress, which may trigger the SCAD event [20] . Intense exercise, particularly isometric in type, can increase cardio-circulatory stresses and shear forces against the coronary artery wall. Among our patients, no stressful situation was identified predisposing to SCAD.
Related to arterial integrity, a recent study showed that coronary artery tortuosity is present at a higher proportion in patients with SCAD than in patients with normal coronary arteries [22] . Repeat dissections were common within tortuous segments (80%).
Saw et al. show a strong association between SCAD and FMD, a condition that also predominantly affects women [23] . One of our patients had this pathology. It is a non-inflammatory, nonatherosclerotic disorder of the arterial vasculature that leads to arterial stenosis, occlusion, aneurysm or dissection. It can involve small to medium-sized arterial beds, especially of the renal and internal carotid arteries. The etiology of FMD is unknown, but hormonal influences have been proposed and a small proportion may be genetically inherited. Since 90% of cases affect women [22] , sex hormones were thought to influence development of FMD, with some similarities to SCAD.
Patients presenting with SCAD have a spectrum of clinical presentationdepending on the extent and flow-limiting severity of the coronary dissection. Fortunately, the majority appear to present with ACS with good in-hospital prognosis [14] . Commonly found inwomen, asymptomatic presentation of SCAD in men is very rare [24] . It should be suspected in a young patient without major cardiovascular risk factors or in a patient in the peri partum period presenting with ACS or SCD [11] . In our series, the most frequent clinical presentation was STEMI, but one had a SCD and another, syncope. In recent retrospective studies, chest pain was the presenting symptom in the majority of SCAD cases [17, 19, 25, 26] , as it was in our patients. Ventricular arrhythmia occurred in 8-14% of patients [8, 25] . In another series, all cases of SCAD presented with troponinpositive ACS, with 26% presenting with ST-elevation MI, and 3.6% with ventricular arrhythmia [20] . Two older studies showed a higher proportion presenting with ST-elevation MI (80-84%), while non-ST elevation MI were 8-16%, and 4% presented with unstable angina [25, 27] . Case series have also noted that patients may have severe left ventricular dysfunction (LVD), often with subsequent full recovery [28] [29] [30] . However, left ventricular (LV) recovery may occur with standard forms of MI, but whether there may be more marked LV recovery with SCAD, as postulated by some, is yet unknown. In our experience, four patients had LVD and only one did not recover normal function.
The current widespread availability of CAG enables earlier diagnosis of SCAD. Sawhas characterized three distinct angiographic appearances and patterns of SCAD to aid diagnosis [9] : There are no apparent differences in clinical presentations with the three angiographic classifications of SCAD. Our patients most commonly had type 1.
The natural history of SCAD appears to entail spontaneous healing in the vast majority of cases [20] . Repeat angiograms in selected patients in previous studies showed variable healing at 1 month (10), <1 year [13] and full resolution at 40 months [17] .
Cardiac computed tomography (CCT) is an ideal noninvasive imaging technique for delineating IMH and assessing luminal narrowing [31] . Furthermore, the follow-up of SCAD without an invasive diagnostic CAG is an important benefit of CCT. The current gold-standard CAG is unfortunately an imperfect tool for the diagnosis of SCAD, because it is only a 2-dimensional luminogram (Figure 1 ). It is excellent to assess luminal narrowing; however, it is poor in assessing the artery wall, where the key abnormalities occur with SCAD. Dissection may be missed in the absence of an intimal tear or if the true lumen is severely narrowed. The classic angiographic appearance includes contrast media seen in two lumens separated by a radiolucent intimal flap, with persistence of contrast in the false lumen after washout from the remainder of the vessel. Also, hematoma filling the false lumen may simulate intracoronary thrombus [32] .
IVUS and OCT are both tools that allow angiographers to better visualize the artery wall structure and composition. Each modality, IVUS or OCT, has its pitfalls and benefits in detecting pathology in artery walls. IVUS has a lower spatial resolution (150-200 μm) and can delineate true and false lumens and detect IMH, which appears as a homogenous collection behind the intimal-medial membrane (Figure 1 ). It can also distinguish atherosclerotic stenosis and spasm from hematoma or dissection, and can identify the length of the hematoma or location of the dissection [19] . OCT, on the other hand, is a much higher resolution (10-20 μm) modality and can visualize the true lumen, false lumen, and even intimaltears exceedingly well. Current OCT systems allow a faster interrogation of the target segment but remain limited by the requirement of a blood-free lumen (problematic in vessels with severe stenoses) and by theshadowing caused by red thrombus. Both techniques recognize the position of the guide wire within the true lumen, which remains critical when coronaryinterventions are planned. Although intracoronary techniques provide striking images, they should be used with great care in these patients to avoid further vessel injury in the already disrupted coronary wall [13] . Early diagnosis is important for managing SCAD patients, because thus the use of unnecessary and potentially harmful drug therapies may be avoided.
The optimal treatment for SCAD has not been clearly determinedand there is no consensus as to recommendations. United States and European professional society guidelines advocate early percutaneous revascularization for patients with ACS, based on data from multiple large-scale randomized studies [33] [34] [35] . These studies were composed primarily of patients with atherosclerotic coronary artery disease, who derived benefit from intervention by the trapping of plaque and thrombus material behind a stent scaffold in addition to restoration of flow. In this regard, the conventional definition of a successful procedure is the absence of residual stenosis after PCI, conferring lower risks of both acute closure and long-term target vessel revascularization (TVR).
The selection of treatment strategy depends upon the clinical manifestation, locationand extent of dissection, and the amount of ischemic myocardiumat risk [7] . Options include medical therapy, PCI and CABG [14] . Conservative medical therapy is a reasonablefirst option in mid or distal single vessel dissection with a lumendiameter limitation < 50% and TIMI grade 2 or 3 flow in the affected coronary artery [2, 10, 14] .
Considering that a proportion of SCAD involves intimal tear, which is prothrombotic, this would empirically benefit from antiplatelet therapy. Aspirin appears reasonable for acute and longterm SCAD treatment. The role of new P2Y12 antagonists (clopidogrel, prasugrel and ticagrelor) inthe case of SCAD is still unclear. The role of GPIIb/IIIa inhibitors for acute SCAD management has also not been evaluated.
Heparin agents are typically administered for ACS patients on hospital presentation; however, they should be discontinued once SCAD is proven on angiography to avoid extension of IMH.
The role of thrombolytics is controversial as, although these may help re-establish anterograde flow in the true lumen [36] , they also carry the risk of increasing flow into the false lumen and propagating the dissection [10] , due to increased bleeding in the vessel wall [37] and hemorrhage of the vasa vasorum with bloody effusions inside the vessel wall, causing compression of the true lumen, further lumen reduction, and extension of the dissected area [37] . Thrombolytic treatment should therefore be delayed until CAG is performed.
Beta-blockers reduce arterial shear stress and are presumably beneficial in reducing coronary artery wall stress, similar to the benefits in aortic dissection [38] .
Nitroglycerin may be useful in alleviating ischemic symptoms from overlying vasospasm during acute SCAD presentation. Angiotensinconverting enzyme inhibitors are only routinely administered when there is significant LV dysfunction after the myocardial infarction (ejection fraction ≤ 40%; class 1 indication) [39] . The use of statins for non-atherosclerotic SCAD has not been studied, and these should be administered only in patients with preexisting dyslipidemia. However, some studies have demonstrated that early intervention with either PCI or coronary artery bypassgraft (CABG) following the diagnosis of SCAD leads to a betteroutcome [40] . PCI is the therapy of choice in single vessel disease, especially proximal dissection, in which there are ongoing symptoms and persistent restriction of coronary blood flow (TIMI grade 0 or 1 flow). Giventhat PCI is associated with several complications relating to the passage of the coronary wire into the false lumen of the dissected vessel or the loss of coronary flow through the propagation of dissection and displacement of stents, resulting in the propagation of hematoma, PCI may be limited to cases in which there are ongoing symptoms of ischemia [2] . Dissections often involve distal coronary arteries, which are too small to implant stents. Even if the dissected arteries are large, the dissections are often extensive, requiring long stents and thus increasing the risks of restenosis and thrombosis. However, there is no consensus onthe appropriate extent of stent coverage in terms of whether there should be proximal portion coverage only or full coverage of the dissection area. Like wise, adjunctive imaging technologies such as IVUS and OCT should be considered to determine the extent of dissection and to provide real-time guidance about intervention.
Coronary artery fenestration with scoring or cutting balloon has been previously reported. In some cases this technique has been successfully used as the initial invasive treatment of patients with SCAD [41] .
CABG is the treatment of choice in multiple vessel disease, especially where there is left main stem involvement with ongoing ischemia refractory to medical or interventional therapy and when there is hemodynamic instability [10] . In one series [2] , early results of coronary surgery appeared favorable, but 11 of 15 bypass grafts undergoing late angiographic assessment were occluded.
One recent retrospective study indicates that the risk of emergency CABG is disturbingly high among patients with SCAD treated with PCI, including those with normal flow. In contrast, conservative management was associated with favorable outcomes [42] .
A collection of case reports from 1980-2000 showed mortality rates ranging from 0% to 7% [15] . More recent studies reported lower in-hospital mortality rates ranging from 1% to 5% [11, 14, 17] . Oneyear mortality rates after discharge were similar, at 1% to 4% [14, 17] . One study reported 10-year mortality rates as high as 7.7% [17] . Many also required subsequent hospital visits for recurrent chest pains, and repeat coronary angiograms. Event-free rates at 1 year ranged from 74% to 96% [11, 14, 20] . In our series, 50% had spontaneous hospital visits for recurrent chest pains, and in one of them we repeated CAG.
Female SCAD patients potentially have a poorer prognosis. An earlier study analyzing 222 patients from several published studies showed that the strongest predictors of death were female sex (odds ratio 4.27) and absence of early treatment (odds ratio 35.5) [23] . In particular, the subgroup patients with postpartum SCAD appear to have the worst prognosis.
The left anterior descending coronary artery (LAD) is the most common site of dissection in female patients, while the right coronary artery (RCA) is often affected in male patients [11] .
Possible late complications include progression of the dissection and formation of pseudoaneurysms [10] . Patients should be followed for any symptoms of recurrent ischemia [2] . Stress testing with nuclear perfusion imaging is preferred over CGA as a means of surveillance [2] .
Conclusion
SCAD is a fascinating clinical entity. Although our case series report is not the first of its kind, it is a fresh presentation of a very rare disease process. There is as yet no consensus in regard to the management of SCAD, due to the condition's rarity.
In the clinical setting of ACS, SCAD must be considered as a possibility, particularly in young patients without clear risk factors for coronary artery disease and in women in the peripartum period.
